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Abstract: Barium ferrite nanoparticles (50-70) nm has been synthesized by citrate precursor method. The structures,
morphology, of samples were characterized by powder Scanning electron microscopy (SEM), Transmission electron
microscopy (TEM) and X-ray diffraction (XRD). Magnetic properties of Barium ferrites have been investigated by
vibrating sample magnetometer (VSM) at room temperature and other properties like complex permittivity, permeability,
and microwave absorption were studied in the 8-12 GHz X-band frequency range by vector network analyzer (VNA).
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I. INTRODUCTION

With the advancement in wireless communication and
defense industries, radar absorbing materials are becoming
more important [1, 2]. Therefore, the microwave-absorbing
materials with strong absorption over a broad frequency range
are required to solve the EMI problem. Microwave shielding
has been applied to various systems such as mobile phones,
computers, and stealth technology. If the characteristic
impedance of free space is matched with the input
characteristic impedance of an absorber then EM wave energy
can be completely absorbed and dissipated into heat through
magnetic and dielectric losses. Over the past decades,
ferroelectric materials [3, 4], ferrite absorbers [5-7],
composite materials [8, 9] and conductive polymers [10-12],
have been researched. Ferrites have been used as absorbing
materials in various forms, e.g. ceramic tiles, films, paints,
sheet, and powders mixed with conducting materials or load in

matrix composites [13]. are used as EMI shielding materials
(Soft magnetic metals) are used traditionally, but they are
restricted by the eddy current [14, 15]. The Hexagonal barium
ferrite BaFe;,019 is well known hard magnetic materials due
to its excellent resistance to oxidation, high natural resonance
frequency and wide bandwidth [16, 17]. Barium ferrite
possesses  relatively  high  coercive force, magnetic
anisotropy field and Curie temperature as well as its
excellent chemical stability and corrosion resistivity [18-22].

Il. EXPERIMENTAL

A. MATERIALS

Barium Nitrate Ba(NOs), and Ferric Nitrate Fe(NOs)s
were acquired from Loba, India. Citric acid and Ammonium
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hydroxide solution obtained from Merck, India were used as
accepted without further purification.

B. SYNTHESIS OF NANOFERRITE

For the synthesis of barium ferrite, citrate precursor
method was used. Ba(NO3)2, Fe(NO3)3 and citric acid were
taken as beginning materials. Required amounts of Ba(NO3)2
and Fe(NO3)3 were dissolved in minimum amount of
deionized water. The molar ratio of Ba to Fe was kept 1:12.
An aqueous solution of citric acid was mixed with Nitrate
solution [mixture of Fe (NO3)3 and Ba(NO3)2]. The molar
ratio of total moles of nitrate ions to citric acid was fixed at
1:1. Ammonia solution was gradually added to balance the pH
at 9. Finally the mixed solution was allowed to vaporize by
heating at 100 °C with constant agitation. As water vaporized,
the solution became viscous and finally brown gel was
formed. With continuous heating and increasing the
temperature, the gel bubbled in combustion manner to form a
brown colored porous powder. This powder was calcinated at
900 °C for 2h in air to get the barium ferrite phase.

The resultant powder of the combustion was milled by
mechanical ball mill. The ball-to-powder weight (gm) ratio
was 10:1. The mixing was operated using hardened steel balls
with a diameter of 10mm. The milling speed was 400 rpm.

1. MEASUREMENTS

The particle size of barium ferrite have been analyzed
using high-resolution transmission electron microscopy
(HRTEM, model Technai G2 F30 Stwin, USA) operating at an
accelerating voltage of 300 kv and having a point resolution of
0.2 nm and a lattice resolution of 0.14 nm. EG and BaFe;,01q
in the composite has been ensured by XRD (Bruker, D8
ADVANCE ECO) and pure barium ferrite by (Regaku,
miniflex-1I, XRD, CuKa radiation (A= 1.54A) in the scattering
range (20) of 10°-80°. The magnetic characterization were
carried out by using VSM, PAR 155, USA) with an applied
field range of +6000 Oe. at room temperature. Scanning
electron microscopy (SEM, FEI Quanta —200) was employed
to examine the surface morphology. The S parameters S11
(S22), S12 (S21) of the composite were studied by vector
network analyzer (VNA E8263B Agilent Technologies) in X-
band (frequency range of 8-12 GHz) using two port
measurement techniques.

IV. RESULTS AND DISCUSSION

The XRD patterns of barium ferrite have been shown in
Fig. 1(a). The diffraction peaks have been observed at 20
value of 30.55(d=2.923), 32.37(d=2.763), 34.19(d=2.620),
37.30(d=2.407), 40.42(d=2.228), and 42.76(d=2.112), 55.49
(d=1.654), 57.05(d=1.612), 63.28(d=1.467) which
corresponds hexagonal structured BaFel2019 nanoparticles
(JCPDS 12047-11-9). No diffraction peaks from other
crystalline forms have been detected, which indicates a high
purity and crystallinity of as-synthesized BaFe;;,04g
nanoparticles.

The crystallite size (D) of BaFe;,0,9 nanoparticles can be

calculated by Scherrer’s equation:
D =k\/Bcosb

Where k is the shape factor, A is the X-ray wavelength, 0
is the Bragg angle (in degrees) and B is the full width at half
maxima (in radians). The value of k is assigned as 0.89, which
depends on various factors including the shape of the crystal
and the Miller index of the reflecting plane. The crystallite
size of BaFe;,049 particles has been calculated using above
equation and evaluated to be50-70 nm, which is in pursuance
of the HRTEM results
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Figure 1: XRD patterns of BaFe; ;019

The surface morphologies of BaFe;,0;9 nanoparticles
were investigated using SEM. Fig. 2 (a) & (b) shows SEM
images of BaFe;,019 nanoparticles.

It can be seen that BaFe;,O,9 nanoparticles are highly
aggregated. The morphology and particle size distribution
were determined by means of TEM. Fig. 2(c) & (d) shows the
representative TEM image of the pure ferrite nanocrystals
obtained from citrate precursor method. It can be seen in
Fig.2(c) that BaFe;,019 nanoparticles are highly aggregated
with an average particle size in the range of 50-70 nm. Fig.
2(d) shows the lattice plane spacing of barium ferrite particles,
which is about 0.37 nm.

BaFe;,0,9 nanoparticles
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The magnetization curve of BaFe;,0,9 is measured at
room temperature are exhibit in Fig.3. The magnetization (Ms)
value of BaFe;;0,9 was found to be 52.084 emu/g at an
external field of 9.5 kOe.
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Figure 3: VSM of BaFe;,019 nanoparticles

V. EMI SHIELDING ANALYSIS

The EMI shielding effectiveness (SE) of a material is
articulated in terms of ratio of incident and transmitted energy
and can be mathematically expressed in logarithmic scale as:

SE (dB) = -10 log (P+/P;) = SER + SEp + SEy

Where Py and P, are the transmitted power and incident
EM waves respectively. There are three mechanisms
contributing to the effectiveness of a shield. Part of the
incident radiation is reflected from the front surface of the
shield, part is absorbed within the shield material and part is
reflected from the shield rear surface to the front. Therefore,
the total shielding effectiveness of a shielding material (SE)
equals the sum of the absorption factor (SE,), the reflection
factor (SEg) and the correction factor to account for multiple
reflections (SEy,) in thin shields given by

SE (dB) = SEA + SER + SEM
and can be expressed as
SEr=-101log (1 -R)
SEA =-10 log (1 — Ae) =-10 log (T/1 -R)
SEM =-20 log (1 — e-2t/5) = -20 log (1 — 10-SE, /10)

Whereas SEy, is multiple reflection between both faces of
shield and can be neglected when SE, > 10 dB. Therefore, the
effective absorbance (Ag) can be manifested as Agr= (1 - R —
T)/ (1-R) with respect to the power of the incident EM wave
inside the shielding material.

Fig.4 exhibits the variation of (a) Shielding effectiveness
(b) Real & imaginary part of permittivity (c) Real &
imaginary part of permeability and (d) Tangent loss as a
function of frequency.

Fig.4 (a) shows the dependence of the EMI SE within the
8.2-12.4 GHz frequency range. From the experimental
measurement the shielding effectiveness due to reflection,
absorption and total shielding effectiveness for barium ferrite
is found to be, 5.7 dB, 0.25dB and 6.00 dB respectively. The
complex parameters i.e. permittivity (¢* = €’- ig”) and
permeability (u* = p’- ip”) of barium ferrite were investigated.
The imaginary part (&) of dielectric constant is a measure of

dissipated energy and the real part (¢’) is mainly associated
with the amount of polarization occurring in the material. The
dielectric performance of the material depends on
orientational, electronic, ionic and space charge polarization
[23]. Value of real part of permittivity is found to be vary from
5.510 6.9 and of imaginary part is 0.22 to 0.50 [Fig.4(b)].
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Figure 4: Variation of (a) Shielding effectiveness (b) Real &
imaginary part of permittivity (c) Real & imaginary part of
permeability and (d) Tangent loss as a function of frequency
The ratio of the imaginary to the real part (¢”/¢’) is the
dielectric tangent loss which is represented by tandE which
denotes the angle between the voltage and the charging
current. The observed tandg is always greater than 0.03 in the
entire frequency range [Fig.4 (d)]. The values of u” are in the
range of 1.32 — 1.68, meanwhile, the values of p” are in the
range of -0.06 to -0.02 [Fig 4(c)]. The magnetic tangent loss
(tan dy= p’/n’) of barium ferrite also calculated using the
permittivity and permeability parameters of the samples and
presented in Fig. 4(d).

VI. CONCLUSIONS

Barium  ferrite  nanoparticles were  successfully
synthesized by citrate precursor method and its EMI shielding
behavior was studied within the X-band (8.2-12.4 GHz)
frequency range. The maximum shielding effectiveness
observed was about 6 dB. The high values of saturation
magnetization (52.084 emu/g) shows that it can used as a filler
material in conducting polymer matrix for enhancement in its
shielding effectiveness.
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